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1.0 INTRODUCTION  

The Town of Wellfleet, Massachusetts, working through the Wellfleet Restoration 

Committee, is conducting further analysis to evaluate the restoration of Mayo Creek Salt 

Marsh (Figure 1).  This current analysis follows up on an initial feasibility study and 

hydrodynamic model development conducted in 2011 (Woods Hole Group, 2011).  

Currently, Mayo Creek is connected to Wellfleet Harbor through a 2-foot diameter pipe 

culvert under Commercial Street.  The culvert is equipped with a duckbill valve that 

prevents incoming tide from entering the former tidal creek; while still allowing 

freshwater discharge (e.g. precipitation) to exit the marsh when the tide is low in 

Wellfleet Harbor.  Relatively small water surface elevation fluctuations occur in the creek 

as a result of periodic interruption of the discharge flow as the duckbill valve is closed by 

high tides in Wellfleet Harbor.  Existing tidal fluctuations in the marsh are also caused by 

leaking around the culvert through the Commercial Street embankment.  The elevation of 

the culvert combined with the unidirectional influence of the duckbill valve has reduced 

the tidal range as well as the mean water level in the creek to such a degree that normal 

tidal inundation of the surrounding marsh area no longer occurs.  This study utilizes the 

model developed for Mayo Creek in the initial feasibility study and evaluates targeted 

solutions that optimize the tide range with limitations applied to the Mean High Water 

(MHW) to avoid potential surface water flooding, and to the Mean Tide Level (MTL) to 

avaoid potential groundwater increases.  As such, the newly proposed culvert should 

increase the tidal range within Mayo Creek without increasing Mean Tide Level (MTL), 

which currently resides at -1.7 ft NAVD88, or having a Mean High Water (MHW) that 

exceeds the elevation of surrounding infrastructure.  The lowest lying existing structure is 

at 1.3 ft NAVD88, however the next set of structures are at an elevation of 2.1 ft 

NAVD88.  Therefore, since theere is only one structure at 1.3 ft both the 1.3 and 2.1 

MHW limiting conditions will be evaluated. 

This report describes the application of the Mayo Creek analytical estuarine culvert 

model.  It presents the results from the model with different proposed culvert designs, to 

identify a feasible option for marsh restoration with minimal impacts to the infrastructure. 

The report is divided into the following sections: 

 Section 1.0 Introduction 

 Section 2.0 Previous Work 

 Section 3.0 Culvert Design Assessment 

 Section 4.0 Conclusion and Recommendations 

 

Section 2.0 describes the model and how the model was implemented for this area, 

including input parameters and calibration, and is essentially a recast of the work 

presented in Woods Hole Group (2011).  Section 3.0 lays out the different culvert designs 

that were investigated and the results produced by the hydrodynamic model.  Section 4.0 

summarizes the results and gives recommendations for the culvert sizing and components 

that could be considered to advance restoration of the Mayo Creek system. 
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Figure 1. Location map of Mayo Creek.  The magenta outline shown on the 

inset of the map indicates the extent of the modeling domain and 

encompasses the area less than 10 feet in elevation (NAVD, 1988). 
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2.0 PREVIOUS WORK  

An analytical estuarine culvert model for Mayo Creek was developed by Woods Hole 

Group in 2011 to conduct initial assessments of potential marsh restoration options.  

During that model development, hypsometric curves were created for Mayo Creek that 

were also applied in this study.  A hypsometric curve, which defines the relationship 

between the land elevation and wetted area, was developed using topographic and 

bathymetric elevations for the marsh system.  These data were acquired using Light 

Detection and Ranging (LiDAR) and Real Time Kinematic (RTK) techniques.  The 

elevations were transformed into hypsometric curves for both the upper and lower basins 

of the marsh system (Figure 2 and Figure 3).  The lower basin starts at the Commercial 

Street culvert and extends to Chequessett Neck Road.  The upped basin is constrained by 

Chequessett Neck Road and Old Chequessett Neck Road. The flow from Wellfleet 

Harbor and between basins was characterized using a head-loss relationship for the flow 

through a circular pipe culvert.  This allowed for the determination of how the water 

elevations change as a function of time in each basin. 

 

Figure 2. Hypsometric curve for Mayo Creek lower basin. 
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Figure 3. Hypsometric curve for Mayo Creek upper basin. 

 

The boundary conditions for this area were characterized by tidal data measured in 

Wellfleet Harbor for the period of 3/19/10 to 4/24/10, and rainfall conditions acquired at 

the Provincetown Airport.  Water elevations were also recorded during the same time 

period inside the lower basin.  Using a portion of the collected data, the model was 

calibrated for existing conditions.  The model was then validated for another period using 

the collected data. The model development process and other information about the 

previous study can be found in the Woods Hole Group 2011 study. 

The validated analytical estuarine culvert model was used in the current study to assess 

different culvert scenarios, maximizing the tidal range while maintaining a MTL of -1.7 

ft NAVD88 and also limiting MHW to a maximum elevation of 2.1 or 1.3 ft NAVD88.  
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3.0 CULVERT DESIGN ASSESSMENT  

The ultimate goal of the restoration of the Mayo Creek system is to improve the health of 

the marsh by increasing the tide range and, therefore, the intertidal area within the marsh.  

As discussed in 2011 Woods Hole Group study, the current intertidal zone is limited to 

the banks of the perennial stream (Figure 4), and the tidal range is less than 2 feet 

(compared to nearly 10 feet in Wellfleet Harbor). 

 

Figure 4. Mayo Creek Basin with contours of MHW, MLW, and Spring High 

tide under existing conditions (does not consider rainfall).  From 

Woods Hole Group, 2011. 

While in the previous study (Woods Hole Group, 2011) various new culvert sizes were 

considered, these previous alternatives were not evaluated with respect to the surrounding 

infrastructure, which had not been surveyed at the time.  The previous study was more 

focused on what level of restoration could be attained unencumbered by any 

infrastructure restrictions.  However, in this evaluation, limiting factors were applied to 

account for the lowest elevation of surrounding residences in the area and the effect MTL 

might have on the ground water table.  The lowest single infrastructure asset surrounding 

Mayo Creek has an elevation of 1.3 ft NAVD88, while the next lowest structure is 2.1 ft 

NAVD88.  Due to these upper limitations for the water surface elevation (both MTL and 

MHW), it was critical to reduce Mean Low Water (MLW) in the system as much as 

possible in order to maximize tidal exchange, range, flushing ability, and also improve 

drainage capacity.  Therefore, the analysis for the optimum culvert design started with 

determining the lowest MLW level that could be achieved.  As a starting point, invert 

elevations for the Commercial Street culvert were investigated. 
































